Objective: The common single nucleotide polymorphism (SNP) rs9939609 in the fat mass and obesity-associated gene ( FTO ) is associated with obesity. As genetic variants associated with weight regulation might also be implicated in the etiology of eating disorders, we evaluated whether SNP rs9939609 is associated with bulimia nervosa (BN) and anorexia nervosa (AN). Methods: Association of rs9939609 with BN and AN was assessed in 689 patients with AN, 477 patients with BN, 984 healthy non-population-based controls, and 3,951 populationbased controls (KORA-S4). Based on the familial and premorbid occurrence of obesity in patients with BN, we hypothesized an association of the obesity risk A-allele with BN. Results: In accordance with our hypothesis, we observed evidence for association of the rs9939609 A-allele with BN when compared to the non-population-based controls (unadjusted odds ratio (OR) = 1.142, one-sided 95% confidence interval (CI) 1.001-G ; one-sided p = 0.049) and a trend in the population-based controls (OR = 1.124, one-sided 95% CI 0.932-G ; one-sided p = 0.056). Interestingly, compared to both control groups, we further detected a nominal association of the rs9939609 A-allele to AN (OR = 1.181, 95% CI 1.027-1.359, two-sided p = 0.020 or OR = 1.673, 95% CI 1.101-2.541, two-sided p = 0.015,). Conclusion: Our data suggest that the obesity-predisposing FTO allele might be relevant in both AN and BN.
Introduction
Several SNPs in the first intron of the 'fat mass and obesity-associated´ ( FTO ) gene are strongly associated with obesity in young individuals [1, 2] and in adults [2] [3] [4] [5] [6] [7] [8] . The most frequently described SNP in FTO associated with obesity is rs9939609, which is located 82.431kb downstream of ATG start codon of FTO . The association of rs9939609 with obesity was discovered by a genome-wide association study (GWAS) for type 2 diabetes mellitus [3] and subsequently was convincingly corroborated by numerous other studies including the first GWAS for early onset (extreme) obesity [1] . Accordingly, since it was first described in 2007 [3] , the obesity predisposing risk A-allele at rs9939609 has become one of the most solidly confirmed risk factors for polygenetic obesity worldwide [9] . Homozygous carriers of the risk A-allele at rs9939609 weigh about 3 kg more and have a 1.67-fold increased odds of obesity compared to homozygous carriers of the T-allele [3] . Whereas the association of rs9939609 with obesity is indisputable, uncertainty remains about the potential association of this variant with eating disorders such as anorexia nervosa (AN) [10, 11] and bulimia nervosa (BN). We and others have previously hypothesized that genes relevant in weight regulation might also be relevant in eating disorders [12] [13] [14] [15] [16] . Premorbid overweight and obesity are common in patients with BN, and a familial loading with obesity has also been described [17, 18] . In contrast, premorbid BMI in AN covers the whole BMI range [19] , and a familial predisposition to obesity has not been reported. Accordingly, due to the frequently reported premorbid occurrence of obesity in patients with BN, we hypothesized an association of the rs9939609 A-allele with BN, whereas for AN we had no specific a priori hypothesis. Additionally, we hypothesized that the obesity risk allele at rs9939609 is associated with maximum BMI-SDS in patients with these eating disorders. To determine whether the rs9939609 obesity risk-allele is associated with BN or AN, we analyzed a total of 6,101 individuals from three European countries (Germany, Italy, and Spain).
Molecular and Genetic Methods
Genotyping : The FTO SNP rs9939609 was either genotyped using ARMS-PCR as described previously [26] , by KASPAR genotyping technology (KBioscience, Hoddesdon, UK), or (in case of the KORA samples) by MassARRAY system using iPLEX TM Gold chemistry (Sequenom, San Diego, CA, USA) [27] . PCR conditions and primer sequences can be obtained from the authors. For validity of genotypes, alleles were rated independently by at least two experienced individuals. Discrepancies were resolved unambiguously either by reaching consensus or by retyping. All missing calls (approximately 2% of all genotyped individuals) were successfully re-genotyped. To ensure validity of genotyping between the described methods , we genotyped rs9939609 twice in 93 individuals; the genotypes were identical.
Statistics
Hardy-Weinberg equilibrium for all independent study groups was tested with an exact test [28] . It is also noteworthy that the reported genotype and allele frequencies of SNP rs9939609 are very similar among samples of European origin, including those from Italy [3] , Spain [29, 30] and Germany [1, 26] . As stratification is therefore negligible, previous studies for different phenotypes have assessed association of rs9939609 in combined samples of European origin [31, 32] . Accordingly, the case-control analyses reported here were also initially analyzed, irrespective of their origin; subsequent analyses were stratified by country (with the exception of the Italian cases due to a lack of controls from the same country).
This post-hoc stratification of the samples was performed after obtaining a nominally significant result at level ␣ = 0.05 for the global test. The reasons for stratification were to explore the robustness of the association across subsamples and to analyze the association, as far as possible, in subsamples in which the possibility of population stratification is reduced. For this reason, odds ratio (OR) estimates and nominal p-values from each subsample are unadjusted for multiple testing and not intended to provide confirmatory evidence at the 0.05 significance level.
The maximum BMI-SDS values were calculated in both German children/adolescents and German adults for which maximum BMI values were available. The maximum lifetime BMI was assessed by standardized questionnaires upon patient assessment. The patients were asked for their highest lifetime body weight and the corresponding age. As we previously showed that body height does not alter considerably after 13 years of age [19] , we used the measured height at referral for the maxixum BMI estimations. Based on the German age-related reference data [33, 34] , the degree of maximum lifetime BMI was then quantified with Cole's least mean square method [35] , which normalized the BMI taking gender and age into account, resulting in a standard deviation score (BMI-SDS).
For the case-control comparisons with regard to the obesity risk A-allele at rs9939609, we applied the Cochran-Armitage trend test and logistic regression without and with covariates BMI and age. For the outcome maximum BMI-SDS in BN and AN patients we applied Jonckheere's non-parametric trend test. We used a (log-)linear genetic model. Consistent with our unidirectional hypothesis that obesity is a risk factor for BN, we decided to display one-sided p-values for BN and two-sided p-values for AN in the casecontrol comparisons, whereas we reported one-sided p-values for the assessment of maximum BMI-SDS. All reported p-values are nominal and not adjusted for multiple testing, and we applied a level ␣ = 0.05 for each test. 4 Age of first admission. 5 BMI after recovery. 6 BMI at first admission. 7 Non-population-based lean controls. 8 Population-based controls. 9 Spanish controls covering the whole BMI range. For BN, 477 cases and 984 European non-population-based controls were estimated [36] to yield a power of 1 0.80 to detect a multiplicative genotype-relative risk (GRR) of 1.27 (assuming a minor allele frequency (MAF) of 0.4). For the comparison with the 3,951 population-based controls, power estimates were 1 0.80 for a multiplicative GRR of 1.24 (again assuming a MAF of 0.4). For AN, power estimates for 689 cases and 984 non-population-based controls were 1 0.80 for a multiplicative GRR of 1.24 and 1 0.80 for a multiplicative GRR of 1.20 compared to the 3,951 population-based controls (again assuming a MAF of 0.4).
Results

Association of rs9939609 with BN
The combined analysis of all patients with BN (n = 477) and all non-population-based controls (n = 984) revealed an association of the rs9939609 obesity risk-allele (A) with BN (the unadjusted effect size estimate for the risk allele was an OR of 1.142, one-sided 95% confidence interval (CI) 1.001-G ; one-sided p = 0.049, 95%; table 2 ). Even though not statistically significant, a similar trend was observed when comparing all patients with BN with the 3,951 individuals of the population-based KORA-S4 cohort (one-sided p = 0.056; table 1 ). This trend did not change after exclusion of the 9 male subjects (468 cases and 3,951 controls; OR: 1.120, one-sided 95% CI 0.999-G ; p = 0.052, data not shown).
We also compared the patients with BN with the 3,951 population-based controls in a logistic regression model. In the case of BN, the unadjusted OR was 1.124 (one-sided 95% CI 1.003-G ; one-sided p = 0.046) and adjustment for age and BMI led to OR = 1.120 (one-sided 95% CI 0.932-G ; one-sided p = 0.155). Thus, the results were similar to the initial association test based on the Cochran-Armitage trend test (one-sided p = 0.056; table 2 ). The analyses stratified by country revealed that this observation was also consistent across subgroups with the exception of the German subgroup where no trend for differences in allele frequencies was observable ( table 2 ) .
In patients with BN we, however, observed no association of the obesity-predisposing risk A-allele at rs9939609 with BMI-SDS (TT 0.214 8 1.24, TA 0.406 8 1.49, AA 0.753 8 1.89; one-sided p = 0.094).
Association of rs9939609 with AN
In the case-control analysis including all patients with AN (n = 689) and all non-population-based controls (n = 984), we unexpectedly observed a nominal association of the A-allele at rs9939609 with AN (unadjusted OR = 1.181, 95% CI 1.027-1.359, two-sided p = 0.020, table 3 ). This association was also seen after exclusion of all 29 male subjects (660 cases and 3,951 controls; OR: 1.176, 95% CI 1.021-1.354; two-sided p = 0.025; data not shown).
Again, we also compared the patients with AN with the 3,951 population-based individuals and observed an unadjusted OR = 1.176 (95% CI 1.044-1.326; two-sided p = 0.008) and age-and BMI-adjusted OR = 1.673 (95% CI 1.101-2.541; two-sided p = 0.016). Thus, the results for AN were also similar to the initial association test based on the Cochran-Armitage Test (two-sided p = 0.015; table 3 ). The stratified analyses revealed that this finding was robust across subsamples.
Association of rs9939609 with Maximum BMI-SDS in Eating Disorders
The maximum BMI-SDS values were available for 105 German patients with BN and 214 German patients with AN. However, the trend test comparing the maximum BMI-SDS values revealed no evidence for an association of the rs9939609 obesity risk A-allele with increased maximum BMI-SDS in patients with BN or AN (nominal p = 0.066 or p = 0.180; table 4 ). 3 Unadjusted estimated OR and 95% one-sided CI is: OR 1.142, 95% CI 1.001-∞. 4 Estimated OR and 95% one-sided CI with and without adjustment for age and BMI is: OR 1.120, 95% CI 1.003-∞ and OR 1.124, 95% CI 0.932-∞, respectively. 5 Note that in the 3,951 population-based controls we also observed an additive effect of the obesity risk A-allele for increased BMI (mean BMI AA: 27.67 ± 4.73, AT: 27.25 ± 4.75 , TT: 27.00 ± 4.65, mean BMI increase per A-allele 0.3206 ± 0.1085 p=0.0032).
Discussion
Genetic variation (e.g. at rs9939609) in the FTO has repeatedly been shown to be associated with obesity [1] [2] [3] [4] [5] [6] [7] [8] . Based on our results we argue that the gene might also be relevant for eating disorders. Increased rates of both premorbid and familial overweight and obesity have been described in patients with BN [17, 18] , whereas in patients with AN the premorbid BMI has been shown to cover the whole BMI distribution [37] . Hence, we had the a priori We observed a nominally significant association of the rs9939609 A-allele in 477 patients with BN compared to 984 non-population-based controls (one-sided p = 0.049). For AN we had no specific a priori hypothesis. Nevertheless, for 689 patients with AN compared to 984 non-population-based controls we observed evidence for an association of the FTO obesity risk allele with AN (two-sided p = 0.020). Eating disorders are typically characterized by diagnostic instability, migration between different subtypes, and even between different eating disorders [38, 39] . However, whereas several studies consistently show that 25-30% of patients with eating disorder migrate from AN to BN, migration from BN to AN is less frequently described [39, 40] . Therefore, it is unlikely that the observed association of the rs9939609 A-allele with AN can be explained by AN patients with a history of BN. However, one of the limitations of our study is that detailed amnesic information, especially regarding previous eating disorders as well as follow-up data, was not available. Furthermore, even though substantial evidence indicates that stratification is, due to the very similar allele frequencies of rs9939609 among Europeans [1, 3, 29, 30] , negligible, the lack of Italian controls as well as the lack of anthropometric characteristics for the Spanish controls are other limitations of this study. Noteworthy, excluding the 243 Italian BN cases from our analysis (and thus decreasing the sample size by 49. on the DSM-IV AN and BN subtypes and the transversion of AN into BN (and vice versa). Another interesting aspect is the possible confounding effect of the behavioral influences on BMI in AN and BN patients. Since low BMI possibly influenced by FTO alleles will make individuals with eating disorders more likely to be diagnosed and become cases, this could be one potential source of confounding due to BMI in our analyses. Besides a recent publication on the absence of an association of genetic variation in FTO in a sample of 267 patients with AN and 1,636 population-based controls [10] , three studies investigated the effect of FTO variants on eating behavior [41] [42] [43] . Whereas, after adjustment for age and BMI, no association was found between rs9939609 and energy expenditure [41] , two studies indicated a BMI-independent association of the rs9939609 risk A-allele with increased energy intake [41, 42] and decreased satiety [43] . Similarly, our observed association of FTO with AN might be independent of the elevating effect of this variant on BMI as based on our regression analysis including BMI as a quantitative covariate. Alternatively, it is possible that both a weight-elevating effect of the risk A-allele and a modulation of eating behavior and satiety accounts for the observed associations. Noteworthy, a recent publication further reports no association of FTO variants with psychological and behavioral eating disorder phenotypes, such as anxiety, harm avoidance, novelty seeking, impulsivity, obsessionality, compulsivity, and concern over mistakes [11] .
A subgroup of the German non-population-based controls was lean (BMI below the 15th BMI percentile) and might thus have biased our analyses due to the established association of rs9939609 with obesity. Hence, we added a comparison of AN and BN cases with 3,951 individuals of a German population-based cohort (KORA) and adjusted for BMI and age. These analyses supported the aforementioned findings. It is further noteworthy that within the 3,951 population-based controls we also observed a significant additive effect of the obesity risk A-allele for an increased BMI (mean BMI AA 27.67 We also hypothesized that the risk allele (A) for obesity at rs9939609 is associated with maximum BMI-SDS in patients with BN or AN. Analyses of maximum BMI-SDS values of individuals carrying either one, two, or no risk A-allele at rs9939609 revealed, however, no association of the obesity risk A-allele with maximum BMI-SDS in patients with either BN or AN (one-sided p = 0.066 or 0.180).
In summary, we observed evidence for an association of the A-allele at rs9939609 with both AN and BN. In patients with AN, the association was robust after adjustment for BMI and age. While the observation for AN was unexpected, the observed association of the obesity-predisposing risk A-allele with BN is in line with previous findings [17, 18] . As obesity is a risk factor for the development of BN, obesity risk alleles should be more frequent in patients with BN. We conclude that genetic variation in FTO might be implicated in the etiology of BN and AN. However, additional research is warranted to determine whether the risk allele has a direct, indirect, or synergistic effect on eating disorders. The trend observed for association with maximum BMI-SDS in patients with BN suggests that for this eating disorder the association is indirect or synergistic. To address this question, we also analyzed the effect of FTO alleles on BN after adjusting for age and maximum BMI. The caveat of this approach is, however, that many of the lean controls were recruited for low current BMI which is strongly correlated with the maximum BMI of these patients. To control for this bias we adjusted our data for current BMI, revealing a nonsignificant estimated effect from the FTO risk A-allele (OR 0.888, 95% CI 0.601-1.312; p = 0.552) and a significant effect from max BMI (OR 2.134, 95% CI: 1.779-2.560; p ! 0.001), thus identifying that the effect of FTO on BN is indeed indirect.
